1. Introduction. -Electric field dependent ionization rates of deep levels in semiconductors have been observed by several authors [1] [2] [3] [4] [5] [6] [7] [8] [9] . For example, Tash and Sah [1] have experimentally evaluated the field enhancement of the emission rate of a deep acceptor level attributed to gold in silicon. They tentatively explain this enhancement by the PooleFrenkel effect [10] . Their measurements follow the relationship :
between the emission rates en in the presence of an electric field and eno in the absence of field. In this expression AE is the Poole-Frenkel potential barrier lowering, k is the Boltzmann constant and T the absolute temperature. However, they did not succeed in (*) Present address : Laboratoire Central de Recherche, Thom Lang [4] has also observed a field enhancement of the emission rate of a centre associated with ZnO in GaP. The emission rate was found to depend exponentially on the electric field, but no tentative explanation was given. Vincent [6] has recently observed field dependent emission rates for a GaAs trap which he ascribed to chromium. To explain the observed emission rates, he develops a theory which bears a close ressemblance to that of the Franz-Keldysh tunneling effect [11, 12] .
As it has been shown by Lang [7] , field effects can be detected using the DLTS techniques that he had recently introduced [7] . In the depleted region of a reverse biased Schottky barrier or p-n junction, there is a linear distribution of electric field strength. This gives rise to a distribution of field dependent emission rates for a given trapping level. As a consequence, one observes in heavily doped samples a deformation in the shape and a shift in the position of DLTS peaks relative to lightly doped samples.
The above observations are common to electron traps in GaAs samples doped above 1016 cm-3. For analogous doping levels, field effects seem to be negligible for hole traps [8] . The small effective mass of the electron near the F minimum of the conduction band in GaAs may therefore be an important factor and quantum mechanical tunneling may be considered as a likely cause for emission rate enhancement. The aim of this paper is to show that tunneling is effectively the physical mechanism involved and that it can quantitatively explain the observed effects in GaAs.
Recently, Korol' [13] gave an elegant calculation of the probability per unit time for elastic tunneling from a bound state to a free state of the conduction band in the presence of a uniform electric field. The ionization rate r(L1) found by Korol [16] , and a comparison with theory is made. Lastly, a critical discussion on some salient features of the model is given in part 4. 2. Theory of phonon assisted tunnel emission. -Kovarskii and Sinyanskii [17] were the first to formulate a theory for the non radiative capture by multiphonon emission (MPE). Henry and Lang [18] have considerably simplified the theory and put it in a readily usable form. Their work revived the interest in the subject and several authors have discussed different aspects of the MPE theory [19, 21] where S is the Huang-Rhys factor [22] . The RATES. -When the trap is occupied, the electron can be field emitted from any of the quasi-levels E, d p. This is an elastic tunneling transition from a localized quasi-stationary state to a free conduction band state. The probability for this process is the product of three factors. The first factor is the proba- bility HIP of finding the trapped electron at the quasilevel E c -d p. The second factor is the tunneling emission probability r(Jp) for an electron at this quasi-level. The third factor is the Fermi-Dirac probability (1 -fl,p) of finding an empty conduction band state of energy E,,(X,,) = Ec(X,) -dp (see Fig. 2a ). The net field ionization probability eF is considered as the sum of the ionization probabilities for all the different quasi-levels and can be written as
The above sum is restricted to quasi-levels having an energy E,, -L1 p in the forbidden band at the trapping site. Therefore, expression (17) for eF is restricted to electronic levels for which an elastic transition to the conduction band can occur only through tunneling.
To obtain the total emission rate en, we must add to eF the thermal emission rate eno which is present even at zero electric field, thus Similar calculations can be performed for tunnel assisted capture rate CF, we only have to replace the level El by E. and the probability (1 - The values of v and of Avare given in Appendix B.
With the above approximations, we note that the emission rate eF depends on the Huang-Rhys factor S and on temperature T only through the product ST. In (Fig. 3) we have plotted the emission rate eF versus the electric field using the full expressions (15) and (17) and the approximate expression (23 (24) to (27) [7] (Fig. 5) . With [28] of E3 in four different samples with dopant concentrations ranging from 1. 5 x 10 " to 9 x10111 CM-3have been recorded using both capacitance and current transients (Fig. 6) (Fig. 4) [7] ranging from 6.9 s -1 to 1.7 x 10 5 s -1 using both capacitance and current transients (Fig. 6 ). The (Fig. 4a) (Fig. 4a) NT which remains undetermined after the curvefitting procedure described above. This is achieved by seeking the model parameters which simultaneously yield a best fit for the 123 K capacitive transient of (Fig. 4a) and of the DLTS curve of (Fig. 5a ) which corresponds to the pulse height AV = 2.5 V. The consistent set of parameters is thus found to be With the above parameters, all the capacitive transients of (Fig. 4a and 4b) as well as all the DLTS curves of (Fig. Sa and Sb) have been simulated. One notices the good agreement between calculations and measurements even for the cases which have not been initially selected for curve-fitting purposes.
We have applied our model to simulate DLTS experiments in other samples with different dopant concentrations. The computed signatures, deduced from the position of the maximum of the simulated peak for a given emission rate window are compared to the experimental signatures in (Fig. 6) . 4 . Discussion. - (ii) In the forbidden band, the dispersion law E(k) is not parabolic, which invalidates the use of a constant effective mass in the gap. However, according to the theoretical calculations of Kane [32] and Chaves et al. [33] , experimentally confirmed by Padovani and Stratton [34] and by Conley and Mahan [35] , deviation from the parabolic dispersion law occurs only for energies deeper than 0.4 eV below the conduction band. Consequently, our theory should be applied with caution to trapping levels deeper than that of E3. 
